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• Attempt all questions. 
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Parti 

Each question Is worth 3 marks. Select one answer for each question. 



2. Indicate which of the following four logical arguments are correct 

(A)p-+(qvr) (B)-.p-)^q (C)-ip-»q (D)(pAq)-»r 

- —0- —J2_ _E_ 

r p -q ••• q -* r 

a) A and D are valid. b) B and D are valid c) A and C are valid 

d) A, C and D are valid. e) C and D arc valid f) B, C, and D are valid. 


3. If p -»q is false, then the value of -i(p a q) q is: 
a) False b) True c) No conclusions 


4. Consider the following relations R on a set A 

(A) A is any set, and xRy iff x=y. 

(B) A = p(S), where S is any set, and xRy iff y 2 x . 

(C) A = {1,2,3}: R = {(1,1), (2,2), (3,1), (1,3) } 

(D) A = Z 4 , the set of positive integers; xRy iff x | y. 

One of the following propositions pertaining to to (A) ... (F) is true. Which one? 
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a) (A), and (B) are partial orderings, b) (A), (B), and (D) are partial orderings, 
c) (B), and (D) are partial orderings, d) (B), (C), and (D) are partial orderings, 
e) None of the above. 


5. The Karnaugh map for the Boolean function corresponding to the truth table: 


x x i flAyj) 


0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
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6. Consider the digraph below representing a partial order on the set A * {1,2,3.4,5}. 



(continued...) 
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The Hasse diagram corresponding to this poset is: 




7. The translation of "At least one train is faster than every car." into logical notation is: 

(U e "everything", C(x) e "x is a car", T(x) s "x is a train”, F(a,b) b "a is faster than b") 

a) 3y[T(y) a Vx[ C(x) —»F(y t x)]] 

b) 3y[T(y) Vx[ C(x) -> F(y,x)]J 

c ) 3x[C(x) —» Vy[ T(y) a F(y,x)]] 

d) 3x[C(x) a Vy[ T(y) -4 F(y,x)]] 

e) Vy[T(j) a3x[C(x) -»F(y,x)]] 

f) Vy[T(y) -> Vx[ C(x) -> -nF(y,x)]] 


8. The proposition -i[Vx{ P(x) a (x<k) )} can be simplified to: 

a) Vx( P(x) v (x<k)) b) 3x( -iP(x) v (x>k)) c) 3x( P(x) a (x>k)) 

d) Vx{ P(x) v (x<k)) e) Vx( -P(x) v (x<Jt)) f) 3x( -nP(x) a (x2k)) 
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9. One of the following propositions is false. Indicate which one. 


a) If S is finite and f: $-»R is a one to one then |Sf £ |RJ. 

b) The trial particular solution for the non-homogeneous recursion x n+1 - 4x n * 4 r ) +t 

should be An4 n . ' 

c) 35 VeP(e,6) <=> Ve3BP(£,6) . 

d) In a Boolean algebra, Va[a a = 0 }. 


10, The transitive closure R + of the relation { (3,4), (4,5), (2,3), (1,2), 

(1,4), (1,5), (2,5), (3,5) } is: 

a) { (1,2), (1,3), (1,4), (1,5), (2,3), (2,4), (2,5), (3,4), (3,5), (4,5;} 

b) { (1,2), (1,4), (14), (2,3), (2,5), (3,4), (3,5), (44) ) 

c) { (1,1). (1,3). (1,4), (14), (2,2), (2,3), (2,4), (24). (3,3), (3,4), (3,5), (4,4), (44), 

(54) } 

<J) { (1,1), (1,3), (1,4), (14), (2,2), (2,3), (2,4), (2,5), (3,3), (3,4), (3,5), (4,4), (44), 
(54), (2,1), (3,2), (4,3), (5,4)} 
e) { (1,2), (1,3), (1,4), (14), (2,3), (24), (3,4), (34), (4,5) } 

0 ( (1,2), (2,1), (1,4), (4,1), (1,5), (5,1), (2,3), (3,2), (24), (5,2), (3,4), 

(4,3), (34), (5,3), (44), (5,4)} 


11. The homogeneous solution for the recurrence equation f n *= 3 f n .g+2 f n . 3 + 12(2 n ) is of the 
forni: 

a) (An+B)n 2 b)An2" c) (An 2 + Bn + C) (-1 )" + D(2) n 

d) 2 n 2 e) (An+B)(-2)"+ C f) (An + B) (1) n + C(2)" 

g) (An + B)(-1)" + C(2) n h) 4 n + C 


12. Which of the following is a linear difference equation of order 6? 

a) y(n+l) - y(n-5) - 5n 3 b) y(n+2) - 3 y(n-t-l) = 5n 3 

c) t(n/3) + 4t(n) - 3 n d) y(n+l)-y(n) «2y(n-l)-5y(n-2) 

e) t(n+3) + 4t(n) = 2t(n-2) f) r„ 3 = 3r n _j + n 2 + 1 

13. LetS = { (a,l,A), (b,2,B), (c,2,D) }, be a relation defined on the Cartesian product XxYxZ, 
and let T = { ( a,E), (P4), (y,D)}.be a relation defined on the Cartesian product UxZ. Which 
of the following corresponds to the join of S and T ? 

a) { (a,l,A), (b,2,B), (c,2,D), (of), <p,F), (x,D) }. 

b) { (c,24>),(xJ5)} 

c) {(c,243.x)} 

d) { (a,l,A,a,E), (b,2,B,a,E), (c,2,D,a.E), (a,l,A,p,F), (b,2,B,P,F), (c,2,D,p,F), 
(a,l,A,x,D), (b,2,B,x,D ), (c,2,D,x.D )) 

e) {(c,2,D,x),(a,U>,x),(b,2Ax)} 
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J4. Which of the following forms of mathematical induction is most appropriate for proving that 
the solution of a 3 rd order linear recurrence is correct? 

a) ( P(k) a Vn((P(n) -* P(n+1)) v (n<k))] —> Vn(P(n) v (n<k)) 

h) [ P(k) a Vn((P(k) a P(k+J) a ... a P(n) P(n+1)) v (n<k))] —> Vn(P(n) v (n<k)) 

c) [ P(k) a P(k+1) a P(k+2) a Vn((P(n) a P(n+1) a P(n+2) P(n+3)) v (n<k))3 —> 

Vn(P(n) v (n<k)) 

d) None of the above. 


15. For the recurrence equation f(n+3) - 4 f(n+2) “f(n+1) + 4f(n) « 4n +3, the guess for the 
trial particular solution should be: 

a) (An+B)n z b) An 4 n c) An 2 + Bn + C d) 4 n 2 

e) (An+B){-2) rt f) An 2 ft g) An ♦ B h) 4 n + 3 


16. Which of the following statements is not true for the Boolean algebra (K, *, + , -i)? 

a) Every a in K has a unique complement. 

b) for all a and b in K, ab = ba and a+b = b + a 

c) for all a and b and c in K, a(b+c) * ab + ac, and a+(bc) = (a+b)(a+c) 

d) for all a and b in K, a(-«a + b) = ->a + b. 

e) for all a and b and c in K, if (ab) and (be) are in K then so is (ac). 

f) for all a and b in K, a( -ia +b) «= ab 

g) for all a in K, a (-*) = 0, and a + -ia « 1. 

h) for all a and b in K, -<a+b) = -a ~ib 


17. Which Boolean expression realizes the truth table given below? 

CAR f(A,C,R) 

10 0 0 
0 10 1 

110 0 
1111 
0 0 11 

a) ( — iA+ “*iC + R) (A + —>C + R) 

b) (A + -iC + -tR) (A + C + R) (-~iA + -nC + -iR) 

c) *tA— iCR + A-iCR 

d) -nA-iC-iR + AC-tR + -tACR 

e) R 
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18. The binary relation R » { (x,a), (y,a), (y,b), (z,b), (a,w), (b,w) } describes a partial order on 
the set {a,b,w,x,y,z}. A total order of these same elements can be described by listing the 
elements left to right in a list. Which of the following total orders is not a linear extension of 
R ? 

a) [ x,y,z,a,b,w ] ' b) [ y,x,z,a,b,w ] 

c) [ z,x,y,b,a,w j d) [ x,b,y,a,z,w ] 

e) l z,y,x,a,b,w ] f) [ z,x,y,a,b,w ] 


Part 11 

19. Complete any two of the following proofs. [10 marks] 

a) Let G be a graph with minimum degree (n-3)/4. Prove that G has at most 3 components. 

b) Write xRy for the relation " there is a path between x and y ". Show that R is an 
equivalence relation. Describe the equivalence classes. 

c) A rooted ternary tree is a tree in which the root has degree at most 3, and all other vertices 
have degree at most 4. Prove that, for such trees, the number of leaves is at most 3 h where 
h is the height of the tree. (Interpret the tree consisting of just a root vertex to be of height 0.) 

d) Prove, by induction, that the solution to the difference equation y n = - 3y n _j - 2y n . 2 with 

y 0 “2, yj «= 2, is 6( -1)° - 4 (-2)“. 

20. a) Find a complete solution to the difference equation 

y« - 7 Vi - 6 ya-i■ 
given the initial values y 0 - 0 , y L =1. 

[ 5 marks] 

b) Find the complete solution to the difference equation 

y„ - 31,, + %! +5 " 

for y 0 = 0, and y : = 0, given that the homogeneous solution is of the form A(5) n + B (-2) n . 

[ 5 marks] 

21. a) Determine the disjunctive normal form for f where f: B-* --> B , is a Boolean function 
defined by 

f(x,y,z)= -i [ -i (x v y ) v (-.(x) a z)]. 

[ 5 marks] 
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(21 continued...) 

b) Minimize the Boolean function f( w, x, y, z ) = w’xy’z' + w'xy'z + wxy'z' + 
wxy’z 4 w’x'yz' + w'xy z' by using the Karnaugh map technique, (a’ denotes the 
complement of a) 

„ [ 5 marks] 

c) How many Boolean functfons are there with 4 arguments? (je. how many functions f: B 4 -> 
B are there, where B is the set {0,1} ? ) 

[ 2 marks] 

d) If pj, p 2 ,..., p a are distinct literals and the well formed formula p contains at least one 

occurrence of each literal pj, 1 £ i £ n, how many rows are needed to construct the truth table 
for p? 12 marks] 

-- - ■ - - - - - - _ —-- - - — .. 




